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The title compound, [PtCl 2 (C 31 H 32 NP)], is a Pt 11 complex with 
an NPC1 2 coordination sphere in which the Pt 11 atom is 
coordinated to the imino N and phosphane P atoms of the 
ligand and to two cis CI ions, giving a slightly distorted square- 
planar geometry. The P— Pt— N angle is 89.80 (5)° and the 
corresponding angle between the CI ions is 87.92 (2)°. 

Related literature 

For related structures, see: Chiririwa et al. (2011); Ghilardi et 
al. (1992); Sanchez et al. (1998, 2001). 




Experimental 

Crystal data 
[PtCl 2 (C 31 H 32 NP)] 



Monoclinic, P2 1 /n 
a = 12.0686 (7) A 
b = 13.4007 (7) A 
c = 17.8182 (10) A 
B = 105.819 (1)° 
V = 2772.6 (3) A 3 

Data collection 

Bruker Kappa DUO APEXII 
diffractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2007) 
7U, = 0.587, r max = 0.746 

Refinement 

R[F 2 > 2a(F 2 )] = 0.021 

wR(F 2 ) = 0.051 

S = 1.06 

7788 reflections 



Table 1 

Selected bond lengths (A). 



Mo Ka radiation 
p. = 5.33 mm -1 
T = 173 K 

0.22 x 0.11 x 0.09 mm 



40326 measured reflections 
7788 independent reflections 
7035 reflections with / > 2a(I) 
Ri„, = 0.051 



326 parameters 

H-atom parameters constrained 
Ap„ax = 0.96 e A~ 3 
AAmn = -°- 80 e A ~ 3 



Ptl-Nl 
Ptl-Pl 



2.0421 (18) 
2.2128 (6) 



Ptl-C12 
Ptl-Cll 



2.2901 (6) 
2.3512 (6) 



M r = 715.54 



Data collection: APEX2 (Bruker, 2007); cell refinement: SAINT 
(Bruker, 2007); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
DIAMOND (Brandenburg & Putz, 2005) and ORTEP-3 (Farrugia, 
1997); software used to prepare material for publication: WinGX 
(Farrugia, 1999). 

Financial assistance from the South African National 
Research Foundation (SA NRF), the Research Fund of the 
University of Johannesburg and SASOL is gratefully 
acknowledged. 

Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: GO2029). 
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Dichlorido{A^-[2-(diphenylphosphanyl)benzylidene]-2,6-diisopropylaniline-ft^/ , ^platinum(II) 
H. Chiririwa and R. Meijboom 

Comment 

In recent years, platinum complexes with iminophosphane ligands of the A r -[(2-diphenylphosphanyl)benzylidene]amine type 
have been used as catalysts (or catalyst precursors) in a variety organic reactions. To the best of our knowledge, no structures 
have been determined so far, concerning the free ligand -(2-(diphenylphosphanyl)benzylidene) -2,6-diisopropylbenzenam- 
ine, where the potentially bidentate ligand is chelated to the metal through the phosphorus and imino nitrogen atoms (Fig. 
1). The platinum complex has a distorted square planar geometry with the P-Pt-N angle of 89. 80 (5)° and the corresponding 
angle between the chloride ligands of 87.92 (2)°. Selected bond lengths are given in Table 1. 

Experimental 

To a dry CH2CI2 (10 ml) solution of the precursor [Pt(COD)Cl2] was added an equimolar amount of (2- 
(diphenylphosphanyl)benzylidene) -2,6-diisopropylbenzenamine in CH2CI2 (10 ml) solution and the reaction was stirred at 
room temperature for 1 hr. The yellow solution was concentrated under reduced pressure to half volume and the addition of 
ca 10 ml hexane caused precipitation of the complex, which was filtered off, washed with Et20 and dried under vacuum for 
4 hours. Yellow crystals used in the X-ray diffraction studies were grown by slow evaporation of a solution of the compound 
in a CH2Cl2-hexane solution at room temperature. 

Refinement 

The methyl, methine and aromatic H atoms were placed in geometrically idealized positions and constrained to ride on 

their parent atoms, with C— H = 0.95 A for aromatic, C— H = 0.99 A for 'Pr CH, C— H = 0.95 A for CH and C— H = 
0.98 for Me groups. 



Figures 




Fig. 1. View of (I) (35% probability displacement ellipsoids). 
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Dichlorido{iV-[2-(diphenylphosphanyl)benzylidene]-2,6- diisopropylaniline-K P,Mplatinum(ll) 

Crystal data 

[PtCl 2 (C3iH 3 2NP)] ^(000) = 1408 



sup-1 



supplementary materials 



M r = 715.54 


D x = 1.714 Mgm 3 


Monoclinic, P2\ln 


Mo Ka radiation, X = 0.71073 A 


Hall symbol: -P 2501 


Cell parameters from 40326 reflections 


a = 12.0686 (7) A 


9=1.8-29.6° 


O — 1.5.400 / (/) A 


\i = 5.33 mnT 1 


c= 17.8182 (10) A 


T= 173 K 


(3= 105.819 (1)° 


Diamond, yellow 


K= 2772.6 (3) A 3 


0.22 x 0.11 x 0.09 mm 


Z=4 




Data collection 




Bruker Kappa DUO APEXII 
diffracto meter 


7788 independent reflections 


Radiation source: fine- focus sealed tube 


/ujj reiiecnons wiin 1 ^ zo\i ) 


graphite 


Rmt= 0.051 


0.5° cp scans and co scans 


6max = 29.6°, 0 m j n = 1.8° 


Absorption correction: multi-scan 
(SADABS; Bruker, 2007) 


6 = -16->16 


r min = 0.587, T max = 0.746 


*- = -18-»18 


40326 measured reflections 


/= -24^24 



Refinement 
Refinement on F 2 
Least-squares matrix: full 
R[F 2 >2o(F 2 )] = 0.021 

wR(F 2 ) = 0.051 

5= 1.06 

7788 reflections 

326 parameters 

0 restraints 

Primary atom site location: structure-invariant direct 
methods 



Secondary atom site location: difference Fourier map 

Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 

w = l/[o 2 (F 0 2 ) + (0.0 1 35P) 2 + 1.4942P] 

where P = (F 0 2 + 2F 2 )/3 

(A/o) max = 0.004 

Ap m ax = 0.96 e A~ 3 
Apmin = -0.80 e A~ 3 

Extinction correction: SHELXL97 (Sheldrick, 2008), 
Fc*=kFc[l+0.001xFcV/sin(26)]" 1/4 

Extinction coefficient: 0.00096 (7) 



Special details 

Experimental. Half sphere of data collected using SAINT strategy (Bruker, 2007). Crystal to detector distance = 50mm; combination 
of <p and co scans of 0.5°, 70s per °, 2 iterations. 

Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The 
cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds 
in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used 
for estimating esds involving l.s. planes. 
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Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , convention- 
al R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2sigma(F 2 ) is used only for calculat- 
ing R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F are statistically about twice 
as large as those based on F, and R- factors based on ALL data will be even larger. 

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A ) 
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HUB 
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H11C 


0.7149 
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0.8663 (3) 


0.2210 (2) 


0.18381 (19) 


0.0381 (7) 


H12A 


0.8964 


0.1556 
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C17 


0.3059 (2) 


0.03122 (18) 




-0.12132 (14) 


0.0278 (5) 




H17 


0.2662 


-0.0195 




-0.1555 


0.033* 




C18 


0.3803 (2) 


0.09354 (19) 




-0.14480 (14) 


0.0279 (5) 




H18 


0.3924 


0.0860 




-0.1950 


0.033* 




C19 


0.4373 (2) 


0.16743 (19) 




-0.09493 (14) 


0.0251 (5) 




H19 


0.4873 


0.2115 




-0.1118 


0.030* 




C20 


0.2426 (2) 


0.02665 (16) 




0.11437 (13) 


0.0206 (4) 




C21 


0.3064 (2) 


-0.05910 (17) 




0.14187(14) 


0.0257 (5) 




H21 


0.3880 


-0.0578 




0.1532 


0.031* 




C22 


0.2507 (3) 


-0.14614 (19) 




0.15259 (15) 


0.0334 (6) 




H22 


0.2944 


-0.2046 




0.1709 


0.040* 




C23 


0.1333 (3) 


-0.1486 (2) 




0.13708 (17) 


0.0422 (8) 




H23 


0.0956 


-0.2081 




0.1455 


0.051* 




C24 


0.0704 (3) 


-0.0652 (2) 




0.10942 (19) 


0.0446 (8) 




H24 


-0.0112 


-0.0676 




0.0980 


0.053* 




C25 


0.1236 (2) 


0.0233 (2) 




0.09763 (16) 


0.0333 (6) 




H25 


0.0789 


0.0808 




0.0783 


0.040* 




C26 


0.2095 (2) 


0.23674 (16) 




0.07734 (13) 


0.0196 (4) 




C27 


0.1482 (2) 


0.26547 (18) 




0.00241 (14) 


0.0251 (5) 




H27 


0.1604 


0.2324 




-0.0419 


0.030* 




C28 


0.0687 (2) 


0.3433 (2) 




-0.00702 (16) 


0.0327 (6) 




H28 


0.0259 


0.3632 




-0.0578 


0.039* 




C29 


0.0523 (2) 


0.39161 (18) 




0.05787 (16) 


0.0304 (6) 




H29 


-0.0014 


0.4449 




0.0512 


0.036* 




C30 


0.1133 (2) 


0.36307 (19) 




0.13237 (15) 


0.0278 (5) 




H30 


0.1011 


0.3963 




0.1765 


0.033* 




C31 


0.1923 (2) 


0.28549 (19) 




0.14221 (15) 


0.0253 (5) 




H31 


0.2346 


0.2657 




0.1932 


0.030* 




Atomic displacement parameters (A 2 ) 












U u 


U 22 t/ 33 


U 12 




U 2i 


Ptl 


0.01852 (5) 


0.01268 (5) 0 


01450 (5) -0.00153 (3) 0.00323 (3) 


0.00084 (3) 


Cll 


0.0269 (3) 


0.0241 (3) 0 


0190 


(2) -0.0066 (2) 


-0.0012 (2) 


0.0021 (2) 


C12 


0.0395 (4) 


0.0264 (3) 0 


0181 


(2) -0.0118(2) 


0.0071 (2) 


0.0031 (2) 


PI 


0.0194 (3) 


0.0156(2) 0 


0164 


(2) -0.0027 (2) 


0.0048 (2) 


-0.00019 (19) 


Nl 


0.0191 (10) 


0.0161 (8) 0 


0192 


(9) -0.0034 (7) 


0.0049 (7) 


0.0000 (7) 


CI 


0.0258 (12) 


0.0157(10) 0 


0152 


(9) -0.0066 (8) 


0.0045 (9) 


0.0002 (7) 


C2 


0.0286 (13) 


0.0181 (10) 0 


0179 


(10) -0.0049 (9) 


0.0060 (9) 


0.0012 (8) 


C3 


0.0395 (15) 


0.0166(10) 0 


0241 


(11) -0.0061 (10) 0.0090 (11) 


-0.0033 (9) 


C4 


0.0350 (15) 


0.0222 (12) 0 


0256 


(12) -0.0141 (10) 0.0036 (11) 


-0.0019(9) 


C5 


0.0258 (13) 


0.0296 (12) 0 


0216 


(11) -0.0089 (10) 0.0039 (9) 


0.0016(9) 


C6 


0.0239 (12) 


0.0203 (11) 0 


0176 


(10) -0.0046 (9) 


0.0035 (9) 


0.0019 (8) 


C7 


0.0319(14) 


0.0189(11) 0 


0281 


(12) -0.0026(9) 


0.0131 (10) 


0.0020 (9) 


C8 


0.050 (2) 


0.097 (3) 0 


080 (3) -0.003 (2) 


0.031 (2) 


-0.046 (3) 


C9 


0.0313 (19) 


0.123(4) 0 


046 (2) 0.002 (2) 


0.0044(15) 


0.037 (2) 


CIO 


0.0260 (13) 


0.0217(11) 0 


0360(13) -0.0026(9) 


0.0090 (11) 


0.0016(10) 


Cll 


0.0454(18) 


0.0368 (16) 0 


0427 (16) -0.0022 (13) 0.0176(14) 


-0.0119(13) 



sup-4 



supplementary materials 



Ciz 


a atac c\ 
U.UJUj (1 D) 


A ATC 1 (\ A\ 

U.U3 D 1(14) 


A A/1 OA 

U.U45U 


U i) 


A AA/C 1 /I T\ 
U.UUOl (1Z) 


A AAQT (\ X\ 

u.uuyz (13) 


A AAQT (\ 1\ 

u.uuyz (13) 


U13 


a ATC7 (\ t\ 
U.UZj / (1Z) 


A A 1 01 (\ C\\ 

U.Ulo:) (,10) 


A A 1 0*7 
U.UlO / 


(10) 


A A A A £. (Ci\ 
—0.0040 (V) 


u.uuo4 (y ) 


A AAAQ fQ\ 

u.uuuy (o ) 


C14 


U.UZ3U (1Z) 


A A1 ( 1 r\\ 

U.U100 (1U) 


u.uiyi 


(10) 


A AAA/1 (Q\ 

U.UUU4 (o) 


A AA CA (Ci\ 

u.uuju (y ) 


A AA 1 A SQ\ 

U.UU14 (o) 


CI J 


U.UZUU (1 1 ) 


a a i *7 1 n c\ \ 

U.U1 /l (1U) 


U.Ulol 


(1UJ 


A AAA O (Q\ 

U.UUUo (o ) 


A AA/l 1 (Q\ 

U.UU41 (o) 


A AA 1 A /0\ 

U.UU14 (o) 


CIO 


u.uzyo (13) 


A ATAQ (\ 1 \ 

u.uzuy (ii) 


A AT/1Q 


nn 
l n J 


A AAC7 (C\\ 

U.UU J / \y) 


A AAC7 (\ A\ 

U.UU J / ( 1U) 


A AA1Q SQ\ 

u.uujy (y) 


ci / 


a ni^7 ^i c\ 
U.U3 J / (1 J) 


A ATT 1 ( 1 T\ 

U.UZZ1 (1Z) 


A AT11 

U.UZ33 


( U ) 


a aa 17 /I r\\ 

U.UU1 / (1U) 


A AA/1/1 (\ A\ 

U.UU44 (1U) 


u.uu /u (y) 


CIS 


U.U340 (14) 


A ATA 1 /I T\ 

U.U3U1 (1 j) 


A A 1 OO 

U.Uloo 


( u ) 


A AA 1 A n f\\ 

U.UU1U (1U) 


A AA7T (\ A\ 

U.UU /Z (1U) 


A AA/l Q SQ\ 

u.uu4y (y) 


1 Q 

ciy 


u.uzyj (i^) 


U.UZOy (,11) 


n n 1 QQ 
u.uiyy 


( u ) 


A AA/1 T /I fY\ 

U.UU4Z (1U) 


A AA OT (\ A\ 

U.UUoZ (1U) 


A AA 1 T /Q\ 

u.uuiz (y) 


czu 


a at/1 *\ fM \ 
U.UZ4J (1Z) 


A A1 AT /I A~\ 

u.uiyz (iu) 


A A1 OO 

U.U 1 oo 


(10) 


A AA7/; fQ\ 

U.UU /o (V) 


A AA7T /Q\ 

u.uu /z (y) 


A AAA/; SQ\ 

U.UUUO (o) 


CZ 1 


A AT II /1\ 

U.U3 13 (14) 


A AT 1 A /I ~\\ 

U.UZ1U (11) 


A AT£1 

U.UZ01 


[12) 


A AA1 1 /Q\ 

u.uuji (y) 


A AAQQ (\ (\\ 

u.uuyy (iu) 


A AA 1 T ( Q\ 

u.uuiz (y) 


CZZ 


A AC £7 /I Q\ 

U.UjO / {ly) 


A A1 O/l / 1 T\ 

U.Ulo4 (1Z) 


U.UZ01 


[12) 


A AAQ/1 /I 1 \ 

U.UUo4 (11) 


A A 1 TO (\ T\ 

U.UIZo (1Z) 


A AAAT (Qi\ 

u.uuuz (y ) 


CZ3 


A ACQ /T\ 


A ATTT (\ C\ 

U.U3ZZ (1 j) 


A AT/1 C 

U.UJ4J 




A AT/1 1 (\ A\ 

U.UZ41 (14) 


A A 1 TT (\ A\ 

U.U1Z3 (14) 


A AAT/1 (\ T\ 

U.UUZ4 (1Z) 


a a 


u.u^zy (io) 


A A/1 oc n o\ 
U.U4o J (1 o) 


A A/1Q1 

U.U4y 1 




A AT II (\ A\ 

U.UZ 13 (14) 


A AACQ ( 1 A\ 

u.uujy (14) 


A AAOC (\ A\ 

U.UUo J (14) 


CZD 


A AT71 fl /1\ 

U.UZ /J (14) 


U.U3Z0 (14) 


A A17/1 

U.U3 /4 


(14) 


A AAA 1 /I 1 \ 

u.uuy i (ii) 


A AA/11 (\ 1 \ 

U.UU43 (11) 


U.UUO /(II) 


C2o 


AA101 / 1 1 \ 

0.0181 (11) 


A A 1 AC /1 n\ 

0.0195 (10) 


A AT A*7 

0.0207 


( 1 A\ 

(10) 


A AATA ZO\ 

-0.0029 (8) 


A AA A 1 /A\ 

0.0043 (9) 


A AAA*7 /0^ 

0.0007 (8) 


C27 


0.0307 (14) 


0.0231 (12) 


0.0194 


(11) 


-0.0001 (10) 


0.0036 (10) 


0.0004 (9) 


C28 


0.0356 (16) 


0.0285 (13) 


0.0296 


(13) 


0.0064(11) 


0.0015 (11) 


0.0069 (10) 


C29 


0.0320 (14) 


0.0214(11) 


0.0389 


(14) 


0.0068 (10) 


0.0115 (12) 


0.0057 (10) 


C30 


0.0291 (14) 


0.0256 (12) 


0.0310 


(13) 


0.0026 (10) 


0.0120(11) 


-0.0023 (10) 


C31 


0.0256 (13) 


0.0262(11) 


0.0234 


(11) 


0.0014(10) 


0.0055 (10) 


-0.0017(9) 



Geometric parameters (A, °) 



Ptl— Nl 


2.0421 (18) 


C12— H12B 


0.9800 


Ptl— PI 


2.2128 (6) 


C12— H12C 


0.9800 


Ptl— C12 


2.2901 (6) 


C13— C14 


1.463 (3) 


Ptl— CI 1 


2.3512 (6) 


C13— H13 


0.9500 


PI— C15 


1.809 (2) 


C14— C19 


1.394 (3) 


PI— C20 


1.811 (2) 


C14— C15 


1.405 (3) 


PI— C26 


1.816(2) 


C15— C16 


1.392 (3) 


Nl— C13 


1.287 (3) 


C16— C17 


1.393 (3) 


Nl— CI 


1.471 (3) 


C16— H16 


0.9500 


CI— C6 


1.393 (3) 


C17— C18 


1.372 (4) 


CI— C2 


1.398 (3) 


C17— H17 


0.9500 


C2— C3 


1.398 (3) 


C18— C19 


1.382 (3) 


C2— C7 


1.511 (4) 


C18— H18 


0.9500 


C3— C4 


1.385 (4) 


C19— H19 


0.9500 


C3— H3 


0.9500 


C20— C25 


1.385 (4) 


C4— C5 


1.381 (4) 


C20— C21 


1.396 (3) 


C4— H4 


0.9500 


C21— C22 


1.385 (3) 


C5— C6 


1.399 (3) 


C21— H21 


0.9500 


C5— H5 


0.9500 


C22— C23 


1.369 (4) 


C6— C10 


1.515 (3) 


C22— H22 


0.9500 


C7— C9 


1.503 (4) 


C23— C24 


1.366 (5) 


C7— C8 


1.512(4) 


C23— H23 


0.9500 


C7— H7 


1.0000 


C24— C25 


1.392 (4) 


C8— H8A 


0.9800 


C24— H24 


0.9500 


C8— H8B 


0.9800 


C25— H25 


0.9500 


C8— H8C 


0.9800 


C26— C31 


1.392 (3) 



sup-5 



supplementary materials 



po ijn a 

cy — HyA 


Pi flOAH 

u.youu 


CZo — CZ / 


1 1 m pj\ 
1.3y3 (3) 


ppi i inn 

cy — hiyB 


Pi AOAA 

u.youu 


poo 
CZ / — CZo 


1.3yo (4) 


po unr 1 

cy — Hyc 


pi AOAA 

u.youu 


PT7 I I T "7 

CZ / — HZ / 


Pi ncplpl 

u.y!>uu 


C1U — C1Z 


1 CTC ( A\ 

L.dZj (4) 


poo nil 

czo — czy 


1 IOC (A \ 

1.3oD (4) 


p 1 o C 1 1 

V 1 U V 1 1 


1 S^? (4^ 


v. 0 1 1 _ 0 


fi QCpifl 
U.7JUU 


CIO — H10 


1.0000 


C29 — C30 


1.385 (4) 


CH — H11A 


0.9800 


C29 — H29 


0.9500 


CH — HUB 


0.9800 


C30 — C31 


1.390 (3) 


CH — H11C 


0.9800 


C30 — H30 


0.9500 


C12 — H12A 


0.9800 


C31 — H31 


0.9500 


JN 1 — rtl — r 1 


OA OA /C\ 

6V.S0 (J) 


C 1 U — C 1 Z — hi 1 Z A 


1 AA C 

loy.j 


\T 1 T>f1 P17 

JN 1 — rtl — C12 


1 75 QC /C\ 
1 /6.6J (J ) 


1 pi nn it 1 id 

C 1 U — C 1 Z — ri 1 Zr> 


1 AO C 

luy.j 


t> 1 t>+ 1 p 1 7 
r 1 — rtl — C12 


A1 7C /7\ 

V1.2J (2) 


Tjn A pi 1 III "> ID 

rl 1 ZA — C 1 Z — rl 1 Zr> 


1 AA C 

ioy.5 


M 1 TJ4-1 PI 1 

JN 1 — rtl — Cll 


AA AO /C\ 

yo.ys (j) 


pi a pn 111 ip 
C1U — C1Z — rllZC 


1 AA C 

ioy.5 


T>1 Dt i pi 1 
r 1 — rtl — Cll 


1 7/1 7A /7\ 

1 /4.20 (2) 


un a pn tt 1 tp 
rl 1 ZA — C 1 Z — rl 1 ZC 


1 AA C 

ioy.5 


pn t>+i pi 1 
C12 — rtl — Cll 


0"7 A7 /7\ 

5/.V2 (2) 


I I 1 -» I) PIT TT 1 TP 

H 1 Zr> — C 1 Z — H 1 ZC 


1 AA C 

ioy.5 


CIS — r 1 — C20 


1 A/1 "7C i 1 A\ 

104. / J (10) 


XT 1 P 1 1 P 1 /I 

JN 1 — CI 3 — CI 4 


1 7A 7 
130.2 (2) 


c T> 1 P7£ 

CI J — r 1 — C2o 


1 A/1 A") / 1 A\ 

!U4.y2 (1U) 


XTl pi 1 TLJ11 

IN 1 — C13 — H13 


1 1 A A 

1 14. y 


T>1 P7/: 
C20 — r 1 — C2o 


1 A C OC /I 1 \ 

ioj.sj (ii) 


pi/l pn 11 1 1 

C 14 — C 1 3 — H 1 3 


1 1 A A 

1 14. y 


CI j — r 1 — rtl 


111 c/; /o\ 
111 .JO (5) 


Pin pi /i pi r 

c 1 y — c 1 4 — c 1 j 


1 1 A 7 /7\ 

1 iy.2 (2) 


C20 — r 1 — rtl 


1 7A 7 C ZO\ 

120.35 (5) 


pi n p> 1 a pn 
Ciy — C14 — C13 


IK/ /7\ 

11 J.o (2) 


C2o — r 1 — rtl 


1 AO 7/; {H\ 

106.20 (/) 


pi r pi /i pn 
C 1 J — C 1 4 — C 1 3 


1 7C 7 /7\ 

125.2 (2) 


P1 7 XT 1 PI 

CI 3 — JN 1 — CI 


111 OT /] 0\ 

111.62 (16) 


PU PK pi/1 

ClD — CI J — C14 


110 0 /7\ 

116.6 (2) 


PI 1 XT 1 TJ4.1 

CI 3 — JN 1 — rtl 


no -70 ( 1 a\ 
126. /6 (lo) 


PU pi f l) 1 

C 1 0 — C 1 J — r 1 


17 1 A/1 f 1 0\ 

i2i.y4 (i6) 


PI \T 1 T>+1 

CI — JN 1 — rtl 


11A 7 c m\ 
liy.iJ (13) 


p 1 /i pic n 1 
C14 — CI J — r 1 


1 1 a 1/1 /1 a\ 

ny.io (lo) 


p/: pi n 
Co — CI — C2 


1 77 0 i n )\ 
123.6 (2) 


pk pu pn 
C 1 j — C 1 0 — c 1 / 


1 7A O /7\ 

120.6 (2) 


p/r pi XT i 

Co — CI — JN 1 


117 r /7\ 
1 1 /.J (2 ) 


pic pi/; TT1 (1 

C 1 j — C 1 0 — H 1 u 


1 1 0 /: 

1 ly.o 


n pi xn 
C2 — CI — JN 1 


1 1 0 7 /7\ 
116. / (2) 


pn pu 1 1 1 
C 1 / — C 1 0 — H 1 0 


1 1 a /; 

iiy.o 


pi n pi 
C3 — C2 — C 1 


11// /7\ 
11 0.0 (2) 


piQ pn pu 
C 1 0 — C 1 / — C 1 0 


1 7A A /7\ 

120.4 (2) 


PI p-7 

C3 — C2 — C / 


171 7 n 1 ! 
121.2 (2) 


pit) pn 1 1 1 "7 

Clo — CI / — HI / 


no 0 

iiy.6 


pi n p~7 
CI — C2 — C/ 


1 77 1 /7\ 
122.1 (2) 


pu pn 1 1 1 -7 
Clo — CI / — HI / 


1 1 A O 

ny.6 


p/i pi n 
C4 — C3 — C2 


111 1 /7\ 

121.2 (2) 


pn pi 0 pin 

ci / — cio — ciy 


1 1 A C /7\ 

ny.5 (2) 


p/i ri tj7 
C4 — Co — ri3 


1 1 A /I 

ny.4 


pn pig 1110 
C 1 / — C 1 0 — H 1 0 


1 7A 7 

12U.2 


n PQ TTQ 

C2 — C3 — H3 


1 1 A A 

ny.4 


Pin piq 1 1 1 0 

ciy — c 1 5 — h 1 0 


1 7A 7 

120.2 


PC P/1 PI 

C5 — C4 — C3 


120.2 (2) 


pi 0 pm pi /i 

c 1 0 — c 1 y — c 14 


171 7 /7\ 

121.3 (2) 


PC P/1 U/1 

Cj — C4 — H4 


1 1 A A 

ny.y 


pi 0 pm 1 1 1 n 

cio — ciy — my 


1 1 A 7 

ny.3 


PI P/1 U/1 

Co — C4 H4 


1 1 A A 

ny.y 


p 1 a pin 0 1 0 

c 1 4 — c 1 y — h 1 y 


1 1 A 7 

ny.3 


p/i pc p/: 
C4 — CD — Co 


ill 1 

121.1 (2) 


PTC PTPi PT1 

CZ j — czu — cz 1 


1 1 A 7 /7\ 
liy.3 (2) 


P/1 PC uc 

C4 — Cj — rlJ 


1 1 A A 

ny.4 


PTC PTPi n 1 

CZ D — CZU — r 1 


17 1 7 7/1 A\ 

121.3 / (iy) 


p/; pc uc 
Co — Cj — Hi 


1 1 A A 

ny.4 


pt 1 ptpi n 1 
CZ 1 — CZU — r 1 


1 1 A 7A /1 A\ 

iiy.20 (iy) 


pi p/: pc 
CI — Co — Cj 


1 1 / n /7\ 

iio.y (2) 


Pll PT 1 PTPi 

CZZ — CZ 1 — CZU 


1 1 A A /7\ 

ny.y (3) 


p 1 p/; p i a 
CI — Co — CIO 


1 77 7 /7\ 
ill. 1 (2) 


PTT PT 1 II T 1 

CZZ — CZ 1 — HZ 1 


1 7A A 
120.0 


pc p/: p i a 
C J — Co — C 1 0 


1 7A 7 /7\ 

120.3 (2) 


PTPi PT 1 TJT 1 

CZU — CZ 1 — HZ 1 


1 7A A 
120.0 


C9— C7— C2 


111.5 (2) 


C23— C22— C21 


120.5 (3) 


C9— C7— C8 


110.7(3) 


C23— C22— H22 


119.8 


C2— C7— C8 


113.2(2) 


C21— C22— H22 


119.8 


C9— C7— H7 


107.0 


C24— C23— C22 


119.8 (3) 


C2— C7— H7 


107.0 


C24— C23— H23 


120.1 


C8— C7— H7 


107.0 


C22— C23— H23 


120.1 



sup-6 



supplementary materials 



f~^H /~" O lit) A 

C / — to — H o A 


1 An £ 

iuy.5 


/^*7 P^ O UOD 

C / — Co — HoB 


1 nn £ 

iuy.5 


lit) * no UOD 

hi oA — C o — rl o r> 


1 An £ 


/" v 7 P^ o i io/' 

C / — Co — HoC 


1 An c 

iuy.5 


I I o a nn Tjop 

rl o A — C o — H o C 


1 An c 

iuy.5 


lion P 1 © i io/' 

HoB — Co — HoC 


1 An £ 

iuy.5 


C / — Cy — HyA 


1 nn £ 


c / — cy — nyt> 


1 AO ^ 


i m a i inn 

HyA — cy — nyt> 


1 An c 

iuy.5 


f^H f^Ci I I n P" 

c / — cy — Hyc 


1 An c 

luy.j 


i m a pn i iiu' 

HyA — cy — Hyc 


1 nn £ 


i inn po ttap 

nyr> — cy — Hyc 


1 An £ 

iuy.5 


Co — C 1 U — C 1 z 


ill/; 
111.0 (2) 


Co — C1U — Cll 


111 c /i\ 

111.5 (2) 


nn pin pi 1 

Clz — C1U — Cll 


1 1 1 A 

lll.U (2) 


/- • /- pin t t i n 
Co — C 1 (J — H 1 U 


107.5 


pn pin 1 1 1 n 
ClZ — C1U — H1U 


1 A"7 C 
1U /.5 


pi i pin 1 1 1 n 
CI 1 — C1U — H1U 


1 A"7 C 
1U /.5 


C 1 ft T 11 H 1 1 A 

V 1 U V 1 i — 1 1 1 Irt 


my s 


CIO — Cll — HUB 


ioy.5 


H11A — Cll — HUB 


ioy.5 


CIO — Cll — H11C 


109.5 


HUA — Cll — H11C 


ioy.5 


HUB — Cll — H11C 


109.5 


Ml D+1 T)1 PK 

IN 1 — rtl — r 1 — CI D 


i/.oi (yj 


pi O Dt 1 D 1 PK 

Clz — r 1 1 — r 1 — C 1 J 


MT or /q\ 

-14Z.OD (o) 


\T1 T>+1 T>1 p^n 

IN 1 — rtl — rl — CzU 


1 &(\ 0 0 f \ ~\\ 
loU.oo (1 1 ) 


pi o r>«- 1 n i pin 
Clz — r 1 1 — r 1 — CzU 


— iy.j / (yj 


\T| n t 1 T>1 P' ~) P 

IN 1 — rtl — r 1 — Czo 


"7*7 "JC /l fn 

— / /.3j (1U) 


pi o n, i r> i po/r 

Clz — r 1 1 — r 1 — Czo 


1 m in /OA 

1UZ.ZU (o) 


X>1 Df 1 Ml rf^l 1 

r 1 — r 1 1 — IN 1 — C 1 3 


oc i p->\ 

— Zj.l (ZJ 


Tt 1 T")«- 1 XT 1 P 1 

r 1 — rtl — IN 1 — CI 


1 C*7 £"7 / 1 P\ 

1 J / .0 / (lo) 


P1 1 T)<-1 XT 1 p 1 

Cll — rtl — IN 1 — CI 


1 P CO / 1 P\ 
-lO.DO {Lb) 


p i q M1 p i p/: 

C13 — IN 1 — CI — Co 


— /O.O (J) 


T>+1 XT1 p 1 p/T 

rtl — IN 1 — CI — Co 


yo.y (Z) 


PI 1 MI p 1 P O 

C13 — IN 1 — CI — Cz 


nn c 

yy.j (Z) 


n±i xti p i po 
rtl — IN 1 — CI — Cz 


Oq O /">\ 

-oz.o (Z) 


p-p pi po pq 

Co — C 1 — Cz C3 


2.6 (3) 


XT 1 p 1 po pq 

IN 1 — CI — Cz — C3 


1 *7C cn ( 1 n\ 
-1 iD.jy (iy) 


p-p pi p-o p-7 

Co — CI — Cz — C / 


1 *70 1 /">\ 
—1 /O.l (Z) 


XT 1 p 1 pi p-7 

IN 1 — CI — Cz — C/ 


Q -7 p>\ 

3.7 (3) 


pi pi pi p/i 
C 1 — Cz — C 3 — C4 


-0.3 (3) 


P-7 pi pQ p /I 

C / — Cz — C J — C4 


1 *7n & /">\ 

—i /y.o (Z) 


PO pQ p 1 PC 

Cz — C3 — C4 — Cj 


1 i //i \ 

-1.1 (4) 


C3— C4— C5— C6 


0.4 (4) 


C2— CI— C6— C5 


-3.3 (3) 


Nl— CI— C6— C5 


174.91 (19) 


C2— CI— C6— CIO 


177.0 (2) 


Nl— CI— C6— CIO 


-4.8 (3) 



p')-} pn PTC 

CzJ — Cz4 — Czj 


121.2 (J) 


PT] PT/1 UT/I 

Czj — Cz4 — Hz4 


1 1 n a 

i iy.4 


PTC pi/I I I -> 1 

Czj — Cz4 — Hz4 


1 1 n a 

i iy.4 


p^pi p^f p^> /i 
CzU — Czj — Cz4 


i i n i ( i\ 

i iy.j (jj 


POA pic TJO C 

CzU — Czj — HZj 


1 m a 
lzU.4 


pt /i ptc mc 
Cz4 — Czj — HZJ 


1 m /i 
lzU.4 


pi i PT/T PT7 

C31 — Czo — Cz/ 


1 in /i /'i\ 
lzU.4 [2) 


PQ i p-)/: T>1 
C J 1 CZO r 1 


i i /C CO / 1 0\ 

1 Io.jo (loj 


PT7 PT/T n 1 

Cz / — Czo — r 1 


1 11 m ^1 o\ 
123.U3 (lo) 


PT Z~ pO-7 pOO 

Czo — Cz / — Czo 


i in o 

ny.j (z) 


po~7 un 
Czo — Cz / — HZ / 


1 on i 
1ZU.J 


pqo pn 1 1 -> -7 

Czo — Cz / — Hz / 


lZU.3 


po/I P'lO PT7 

czy — czo — cz / 


1 1 n n /' , i\ 

i iy.y (z) 


Pin pio mo 
Czy — Czo — Hzo 


IzU.l 


PT7 poo 1 no 

Cz / — Czo — Hzo 


IzU.l 


p -> n pin poo 

C3U — czy — Czo 


12U.O [2) 


pq n pin inn 

C3U — czy — Hzy 


iiy.o 


poo pin i ion 

Czo — czy — Hzy 


i in £ 

iiy.o 


P7Q p,n r^i 




C29 — C30 — H30 


120.2 


C31 — C30 — H30 


120.2 


C30 — C31 — C26 


120.0 (2) 


C30 — C31 — H31 


120.0 


C26 — C31 — H31 


120.0 


1 a ru r>l 
C13 — C14 — CI 5 — r 1 


4.6 (3) 


nn T>1 n c r^i/: 
C2U — r 1 — C 1 5 — C 1 0 


17.3 (2) 


r^T/r T>1 r^l c r^\fi 

Czo — r 1 — C 1 J — C 1 0 


— y4.u (z ) 


rtl — r 1 — CI j — Clo 


\ AC\ f\A ( 1 o\ 

14y.U4 (lo) 


/^TA T>1 r"1 c A 

CZU — rl — CI J — C14 


— lO/.ZJ (loj 


C2o — r 1 — CI 5 — C14 


O 1 C ("> \ 

51. J (Z) 


Dfi di r^i ^ A 
rtl — rl — CI J — C14 


ICC 

—J J. J (ZJ 


r^i^i r^i/; r^i"7 
C14 — C15 — Clo — CI / 


A f A \ 

— U.o (4) 


T>1 n c 1 /: /^1"7 
F 1 — C 1 5 — C 1 0 — C 1 / 


1 *7/i m /■ 1 n\ 

i /4.yz (ly) 


r^i/: r^i"7 no 
C15 — Clo — CI / — Clo 


-0.1 (4) 


1 /: /^1"7 no nn 
Clo — CI / — CIS — C19 


-0.3 (4) 


/^1"7 no nn /^1^1 
CI / — CIS — Ciy — C14 


1 C SA\ 

1.5 (4) 


pn pin pin 

C15 — C14 — ciy — Clo 


1 1 SA\ 

-2.2 (4) 


P11 PU pin pin 

C13 — C14 — ciy — Clo 


1 "7A T 

1 /y.2 (2) 


pir T>1 PTA PTC 

CI 5 — r 1 — C2U — C25 


no A 
— yo.U (2) 


TJ1 PTA PTC 

C2o — r 1 — C2U — C25 


12.6 (2) 


TJ4-1 T11 PTA PTC 

rtl — r 1 — C2U — C25 


1 1 c el / 1 n\ 
135.53 (iy) 


pic ti 1 pin PT1 
C 1 5 — r 1 — C2U — C2 1 


16.0 (2) 


PT£ T>1 PTA PT1 

C2o — r 1 — C2U — C2 1 


1 "7A OT { 1 Q\ 

— 1 /U.o2 (lo) 


T>4-1 T11 PTA PTI 

Ft 1 — F 1 — C2U — C2 1 


-47.9 (2) 


C25— C20— C21— C22 


-0.4 (4) 


PI— C20— C21— C22 


-177.04 (19) 


C20— C21— C22— C23 


-0.6 (4) 


C2 1 — C22— C23— C24 


1.2 (4) 


C22— C23— C24— C25 


-0.9 (5) 



sup-7 



supplementary materials 



p^i pc p/; p 1 
C4 — L5 — Co — C 1 


1.7 (3) 


pi] pi/1 PTC P11 

Cz 1 — C2U — CzD — C24 


0.7 (4) 


p^i pc p/; pi/i 
C4 — CD — Co — C 1 U 


—\ fO.O (Z) 


T>1 PI/1 PTC P11 

r 1 — CzU — CzD — C24 


1 / 1 .5 (2) 


pi pt pt pn 

cj — cz — c / — cy 


55. 1 (3) 


ptt pt/i ptc pin 
C23 — C24 — C25 — CzU 


-0.1 (5) 


pi pt pt pn 
C 1 — C2 — C / — CV 


m a /"3\ 

— yi.u \p) 


P1C T>1 pt/: PI 1 

CO — rl — C26 — C31 


1 £LA /:A i 1 a\ 

-lo4.0U (iy) 


pi pt pt pq 
C3 — Cz — C / — Co 


—5 1 A (4) 


PTA T>1 pi 1 

CzU — r 1 — Czo — C31 


QA Ci /T\ 

84. y (2) 


pi pt pt pq 
CI — Cz — C / — Co 


143.4 (3) 


d+1 T>1 pii 
rtl — r 1 — Czo — C3 1 


A Z A /T\ 

-45.4 (2) 


pi p/: rid pit 
CI — Co — C1U — C12 


-12V. / yl) 


P1C T>1 PT£ PTT 

CIS — rl — Czo — Cz/ 


1 A A /T\ 

14. U (2) 


pc P£ no pit 
C 3 — Co — C 1 U — C 1 2 


DU. / (3) 


PTA D1 PT£ PTT 

CzU — rl — Czo — Cz / 


— yo.4 (z ) 


p 1 p/: nn p 1 1 
CI — Co — C1U — Cll 


IUj.j (3) 


T>4-1 T) 1 P T /; PTT 

rtl — r 1 — Czo — Cz / 


1 t t to / 1 a\ 
133.28 (iy) 


pc p/; pi/i pi i 
C5 — Co — C 1 U — C 1 1 


-74.2 (3) 


PI 1 pit PTT PTO 

C3 1 — Czo — Cz / — C28 


-U.4 (4) 


pi mi pii pi i 
CI — JN 1 — CI 3 — C14 


175 1 /T\ 

1 O.l (2) 


r>i pt/: ptt ptq 
r 1 — Czo — Cz / — Czo 


1 ta a /i\ 
— 1 /y.U (2) 


n*- 1 tvt 1 pn p 1 a 
Ftl — N 1 — C13 — C14 


-2.3 (4) 


PT/I Pin PTO PTA 

C26 — Cz / — C28 — C29 


A C i A\ 

0.6 (4) 


ni— en— ci4— ciy 


-161.8 (3) 


C27— C28— C29— C30 


-0.6 (4) 


Nl— C13— C14— C15 


19.7 (4) 


C28— C29— C30— C31 


0.4 (4) 


C19— C14— C15— C16 


1.7(3) 


C29— C30— C31— C26 


-0.2 (4) 


C13— C14— C15— C16 


-179.8 (2) 


C27— C26— C31— C30 


0.2 (4) 


Ciy — C14 — C15 — PI 


-173.92 (18) 


PI— C26— C31— C30 


178.9 (2) 
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